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After mycobacterial infection T lymphocytes proliferate and become sensitised. An important marker of T helper 1 (Th1) mediated acquired immunity against tuberculosis is the development of delayed type hypersensitivity (DTH) responses to tuberculin.
1 Depressed DTH responses to tuberculin are related to conditions such as old age, cachexia, malnutrition, chronic renal failure, measles infection, and infection with HIV. 2 This phenomenon, so called cutaneous anergy, is observed in immobile elderly individuals with reduced activities of daily living (ADL) scores. 3 Furthermore, immobility in older people increases the risk of pneumonia related mortality. 4 However, it is unknown whether this heightened susceptibility to infection is a reflection of the decline in the competence of the immune system associated with disability. We have therefore studied the association between depressed DTH responses to tuberculin and the risk of pneumonia in older patients with limited ADL by analysing the DTH responses to tuberculin, the responses of Th1 and Th2 lymphocytes, and the rate of pneumonia in these patients.
Methods
The study was performed in a 220 bed nursing home located in Sendai City, Japan. The level of disability for each patient in the home was coded using the Activities of Daily Living (ADL) index according to Katz and colleagues 5 in which patients were assigned an ADL score in each of the six major areas of activity (bathing, dressing, toileting, transfer, continence, and feeding). Patients received a score of 1 for each activity if they were fully independent, 2 if they were partially dependent, and 3 if they were completely dependent. Possible total scores ranged from 6 to 18. A score of 6 indicated that the patient had full function/ independence and a score of 18 indicated that the patient had total disability/dependence. Patients selected to participate in the study were elderly with an ADL index of 13-15, who received part or complete assistance in each area of activity but were fed orally without aspiration and used no indwelling urinary catheter. Forty nine patients (31 women and 18 men) of mean age 79 (1) years (range 66-91) and body mass index 22.0 (0.5) kg/m 2 (range 17.0-29.3) were enrolled. The mean ADL index score was 13.9 (0.1) points (range 13-15). The causes of disability were cerebral infarction and femoral neck bone fracture. We excluded patients if they were immunocompromised-for example, patients with active malignant disease, those on renal dialysis, those receiving corticosteroid treatment, or with HIV-1 infection. Patients were also excluded from the study if they had swallowing diYculties, a past history of aspiration during feeding, chronic sepsis in pressure sores, venous ulcers, or indwelling urinary catheters. All participants had a past history of a positive DTH response to tuberculin but they were free from clinical symptoms and active lesions of tuberculosis during the two year study. For DTH cutaneous responses to tuberculin upon skin testing, tuberculin purified protein derivative (5 tuberculin units) was injected intradermally on the dorsal side of the right forearm. Forty eight hours after injection the diameter of the induration was measured. DTH reactions with a diameter of induration of >10 mm were estimated as positive. Administration of the skin test was performed by one person who had received suYcient training and reading of the results was confirmed independently by two medical doctors.
To count the number of CD4 lymphocytes, whole blood labelled with a peridinin chlorophyll protein conjugated monoclonal anti-CD4 antibody was analysed with a FACS Calibur flow cytometer. To assess Th1 and Th2 subsets of CD4 lymphocytes, cells positive for antiinterferon-antibody labelled with fluorescein isothiocyanate and those for anti-interleukin-4 antibody labelled with phycoerythrin under stimulation with 25 ng/ml phorbol 12-myristate 13-acetate, 1 µg/ml ionomycin, and 10 µg/ml brofeldin were analysed with a Fastimmune cytokine system. This system measured the expression of cytokines inside the cells.
We prospectively compared the rate of pneumonia in the patients with positive tuberculin responses with that in the patients with negative tuberculin responses. All patients were studied for 24 months. Criteria for the diagnosis of pneumonia were a new pulmonary infiltrate seen on the chest radiograph and one of the following features: cough, temperature >37.8°C, or subjective dyspnoea.
ANALYSIS OF DATA
Comparisons of age, ADL index score, body mass index, number of CD4 lymphocytes, Th1 cells and Th2 cells between groups were made by the unpaired Student's t test. Underweight patients (BMI <18.5 kg/m 2 ) in the two groups were compared by 2 testing and the rates of pneumonia were compared using the Cox regression model. These analyses were performed using the StatView J-4.5 application program (SAS Institute Inc, North Carolina, USA). A p value of <0.05 was considered statistically significant. All values are expressed as mean (SE).
Results

A tuberculin skin test was performed in 49
patients with limited ADL who were grouped according to positive and negative tuberculin responses. If the diameter of induration 48 hours after injection was >10 mm, the response was considered to be positive. Of 49 disabled patients, 22 of mean age 78 (1) years (range 66-87) and an ADL index score of 13.9 (0.2) points (range 13-15) had a positive tuberculin response; the remaining 27 patients of mean age 80 (1) years (range 66-91) and an ADL score of 14.0 (0.2) points (range 13-15) had a negative tuberculin response. There were no significant diVerences in mean age and ADL index score between these two groups (p=0.2 for age, p=0.6 for ADL index score). The body mass index of the two groups was also similar (22. tuberculin response and in seven (31%) of the 22 patients who had a positive tuberculin response. According to the Cox regression model, a hazard ratio of developing pneumonia in patients who had a negative tuberculin response compared with those who had a positive response was 2.57 (95% CI 1.12 to 6.17, p=0.03; fig 1) .
Discussion
Almost all healthy Japanese people over 60 years have positive tuberculin responses at the present time because they have been living in a period with the highest prevalence of tuberculosis. 1 In fact, all participants in the present experiment had a history of a positive DTH response to tuberculin. However, some patients with limited ADL showed diminished DTH responses to tuberculin, as we have reported elsewhere. We have shown that an impaired DTH response in patients with limited ADL is associated with a decrease in the number of Th1 cells, but not of Th2 cells. Furthermore, we have shown that disabled patients with a negative DTH response have a higher risk of pneumonia than those with a positive DTH response.
Although developed countries including Japan have made remarkable progress in tuberculosis control during the past several decades as a result of socioeconomic improvements, removal of infectious patients from the community, eVective vaccine programmes, and the wide availability of antituberculosis drugs, the notifications of patients with tuberculosis have recently started to increase in many countries. 6 It was also reported that there were an estimated 7.96 million new cases of tuberculosis and 16.2 million existing cases in 212 countries in 1997, and the global prevalence of Mycobacterium tuberculosis infection was calculated as 1.86 billion people (32% of world population) in that year. 7 The DTH response to tuberculin may therefore be useful for estimating both the presence of infection and the immunological reactivity of individuals who have close contact with Mycobacterium tuberculosis such as Japanese elderly people. Using the DTH response to tuberculin, which is presumed to be dependent on Th1 cells, we suggest that disabled patients with a negative tuberculin response are more likely to suVer pneumonia than those with a positive tuberculin response.
Frail elderly people are likely to suVer pneumonia. 4 The present simple measurement may help us to identify those with reduced immunity and to give careful management to prevent the development of pneumonia. 
